Abstract. In order to study the obstructive of the existing avionics network, the existing methods only consider the message transmission in network, but the effect of topology structure on message transmission is not considered. From network optimization and complex network theory, the topological complexity of avionics network based on complex network theory is systematically analyzed. Firstly, the topological complexity of avionics network is studied, then based on the consideration of the actual network topological characteristics, the relationship between the network topology and the obstructive is studied. The experiment shows that the proposed method is of reference value for the research on load and optimal topology of avionics network.
Introduction
In the process of studying the communication network congestion, the critical message package generation rate is usually used to measure the communication ability of the whole network. When the number of packets generated in the network is offset by the number of packets arriving at the destination, the network is in a free transmission state. But when the limited information processing capacity or the limited length of buffer queues of each node leads to the cumulative number of packets increasing with time, now, if not in time to control the system, the system will soon be in a state of congestion and even collapse.
Any network structure has its maximum load, that is, the maximum capacity the network can carry. For the avionics network, the topology structure is closely related to the network maximum load and the network congestion. And because of the differences of different topology structure obstructions and their laws of spreading and dissipation, under the condition of considering the obstructive, it is very important to study which topology structure has the maximum load. It also helps to plan and design the avionics network scientifically from a long-term developmental perspective.
Research on Avionics Network Load Capacity under Different Topologies Summary
Recently, the research on different network maps shows that the network dynamic process is mainly dependent on the underlying topology structure. But the interdependence between the structure and function has not been completely revealed, such as the interrelation between the structure and the load as well as the optimal topology reflecting the network characteristics, the network traffic distribution, its statistical dynamics and the network topology and congestion. In fact, for many networks, in order to effectively improve the network efficiency, reduce the loss and alleviate the congestion degree, it is necessary to study the optimization relationship between structure and function. For the avionics network, the contradiction between the network bandwidth and the message transmission is becoming more and more serious, which brings great challenges to the network structure.
The network load describes the network processing ability in a unit time. It is very important to study the network load capacity to the avionics network construction. Some scholars have done their research on the optimization of the network load. However, there is a lack of necessary and systematic research on the relationship between network topology and load. In the actual network design, adding a switch will probably cause a greater congestion, which is the famous traffic strange phenomenon. However, in some cases, increasing the number of switches in the network can achieve the purpose of alleviating congestion. This chapter will consider the influence of avionics network topology on network congestion level, do not consider other properties (such as network availability and robustness), and provide a more comprehensive analysis method for the design of avionics network.
Structure of Avionics Network Topology and Parameter Definition of the Network
The network can be represented by an undirected, weighted graph G , ( , ) = G V K , Where V and K represent the set of nodes and the set of edges respectively. Weight is t [1] [2] . In avionics network, t represents the impedance on the edge, which is defined by formula (1) In the actual avionics network design, under the constraint of not violating the edge maximum load, through optimizing the nodes and increasing the number of nodes in the network two methods, it can usually make the demand OD [4] of the network can accommodate increasely. We say the demand for OD the network can accommodate after the optimization for the network is a load factor with a multiple edge of the demand for OD the network can accommodate before the comprehensive optimization for the network. Here, parameter ϕ can be approximated by the reserve capacity coefficient.
Definition of Blockage Factor
In the previous research on complex networks, the traditional traffic distribution is based on the degree or the betweenness without considering the crowding effect. But, due to the blockage effect of the avionics network, the network traffic distribution mechanism is different from other traditional complex networks. If all the messages select the path with the least time consumption, the impedance on the path will increase and the path will be congested. However, with the increase of the traffic on the path, it will no longer be the optimal path selection, and be replaced by other path with the minimum load impedance. The traffic is distributed in the network repeatedly, if each message selects the path with the least time consumption path to be sent, and finally reached the UE equilibrium state, that is, it satisfies the Wardrop principle [5] [6] .
Descriptions of the Wardrop principle: When path users are aware of the network traffic status and try to choose the shortest path, the network will reach a balanced state. In the network, considering the congestion effect on travel time, when the network reaches the equilibrium state, each path being used of each OD pair has equal and minimal travel time. The travel time of the paths not being used is equal to or greater than the minimum travel time.
This definition is commonly referred to as Wardrop Equilibrium, in the actual network traffic distribution, it is also called User Equilibrium (UE). It can be easily seen, that when the equilibrium state is not reached, at least some of the side users will change the transformation line to shorten the transmission time until the equilibrium is reached. Therefore, the existence of network congestion is the condition for achieving equilibrium.
The blockage effect can be expressed by the impedance function [7] . Due to the congestion, the impedance function should be an increasing function of the traffic. That is:
Where, a t represents the impedance on the edge a ; 0a t represents the zero traffic impedance on the edge a , i.e., the time required for a message to be passed when the traffic on the edge is zero; a U is the maximum load the edge a could bear, that is, the tolerance limit. α , β are the model parameters, generally take 0.15 α = , 4 β = . Therefore, the network weight can be expressed by Formula (2):
Where,
UE a x represents the traffic on the path under the message equilibrium state. For convenience, assume that each time step all OD pairs have 1 unit (here consider that the messages in the network have the same size, a message packet is a unit message traffic) message traffic generation. Through equilibrium assignment, the network traffic finally reached the equilibrium state, the message traffic on each edge can be determined. If the traffic on a certain edge is over its ability, consider the edge will be congested, and the number of the congested edges G T plus 1.
G T can be calculated with the Formula (3):
, TE is the total number of edges in the network. Obviously, when 0 = J , it shows that there is no congested edge in the network,
shows that all the edges of the network are congested. Of course, this is the worst case.
Results Analysis
Firstly, we studied the relationship between message traffic and network blockage factor in different network topologies. (as shown in Figure 1 , small world network with reconnection probability 0.10 = p and random network), the relationship between the blockage factors and system message traffic.
From Figure 1 , in the simulation environment of this paper, when the total system message traffic 21 ≤ Q units of traffic, random network has a low congestion degree, so its bearing capacity has advantages in this traffic range. On the contrary, scale free and small world networks are more prone to get congested. Therefore, for the avionics network, periodic messages are transmitted all the time, there will also be non-periodic message transmission, it belongs to the network which is more frequent in message transmission. Scale-free network topology can bear larger message traffic, and the reason is mainly determined by the scale free network topology characteristics. In the process of message flow assignment, the shortest path is usually arranged for the message. Therefore, the edges with larger betweenness will be allocated more information traffic, which makes that the blocking phenomenon is probable to occur to these edges firstly. With the increase of the network message traffic, when the network reaches a new equilibrium state, the edges with larger betweenness are small. Secondly, this section also studies the congestion of the scale free networks with different degree distribution index and clustering coefficient. Figure 2 shows the relationship between the total system traffic Q and blocking factor J in the scale free networks with different degree distribution index λ . The result shows that the influence of the degree distribution index on the network blockage factor is not obvious, when the network distribution index λ changes, the blockage factor J increases with the increase of the total traffic Q , and has a certain regularity, the increase is also not particularly obvious. Figure 2 . The relationship between the total system traffic Q and blocking factor J in the scale free networks with different degree distribution index λ Figure 3 shows the relationship between the total traffic Q and the blockage factor J in the scale free networks with different clustering coefficients C . However, the clustering coefficient has a obvious influence on congestion. It can be seen that with the increase of the clustering coefficient, the network blockage factor decreases, indicating the network congestion degree is slowly reduced. Therefore, for the scale free network topology, a larger clustering coefficient is helpful to reduce the network congestion degree. Although the scale free network is an ideal network topology for such large scale networks like the avionics network system, it can be known from Figure 2 that the network degree distribution index has little influence on the blockage factor, but what about the impact of this index on the network effectiveness? Figure 4 shows, when the degree distribution index , the network effectiveness under different message traffic. It can be seen that although the different degree distribution index has little effect on the network blockage factor, the network performance is very different. Therefore, only by the blockage factor or network effectiveness is difficult to accurately evaluate the performance of a network topology, they should be considered together in the avionics network design. There is also a similar conclusion for other forms of network topology.
The Topology and Characteristic Parameters of Optimal Avionics Network
Finding the optimal avionics network structure has always been one of the problems in the research on avionics. Therefore, this section will be based on the information network discussed in the first section, from the view of topology optimization, studies the scale free avionics network with the maximum resistance ability to obstruction.
From the previous section, it can be concluded that the congestion degree has a strong relationship with the avionics network topology. From Figure 5 and the analysis in the first section, it can be seen that, for the random network and scale-free network with the same average degree and scale, when the network message traffic is large, the random network has a weak robustness and the scale-free network has the best performance. When the network message traffic is small, the random network is a relatively ideal network topology. In the modern avionics network, the message traffic is very large. 
Optimal Avionics Network Topology
Obviously, there are interactions, mutual influences between the avionics network topology and the network congestion. The following mainly studies the optimal network topology of the random network and the scale free network with different degree distribution index λ .
The simulation environment of this section uses the same network generation rules and UE traffic distribution mechanism as that of section 1.1. When the network reaches the UE equilibrium state, the relationships between the blockage factor and the degree distribution (Figure 6 ), the effectiveness and the degree distribution (Figure 7 ) are given respectively. It can be seen from Figure 6 , the blockage factor increases with the increase of the system total traffic Q . Next, this paper gives the corresponding theoretical guidance and analysis. When the network is being attacked, a certain proportion p of nodes or edges will be removed from the network, meanwhile the removed nodes will also take away a part of the edges, which will lead to: (1) the network node degree will change; (2) The truncation degree K will reduce to K , and ~< K K . The truncation degree K before attack can be estimated as: .The removal of a high degree node with proportion p also causes removal of the edges with proportion p of the other nodes. The probability of the removed nodes being connected by edges is equal to the ratio of the edges of the removed nodes to the removed nodes. Thus, for 2 γ > , the fallowing formula is established:
By Formula (4), when λ approaches 2, any non-zero p will lead to p approaching 1, and thus leads to the collapse of the entire network. Even in the extreme case of , the blockage factor has a local minimum value, the distribution index it corresponds to is 2.6 λ ≈ . When considering the global optimal value, it is found that the degree distribution index 1.7 λ ≈ is optimal. It also indicates that the network topology and message traffic together determine the network congestion degree. Figure 7 can clearly describe the relationship between the network effectiveness and the degree distribution. It can be known from the diagram, the effectiveness E is greatly reduced along with the increase of the network degree distribution and the total traffic Q . It is because the topology of the network with a smaller degree distribution has a stronger heterogeneity. On the other hand, large message traffic is sure to causes serious network congestion. Thus, the topology of the scale-free network with small degree distribution index and large message traffic is bound to correspond to less network effectiveness.
Conclusion
This paper, through considering the influence of avionics network blockage effect and combining with the message equilibrium assignment theory, studies the message traffic loading problem based on complex networks and analyzes the influence of network topology on network blocking behavior, The result shows that the small world and the scale-free network are the first to generate congestions when the network traffic demand is small( 21 ≤ Q traffic units), which is caused by their heterogeneity of the structure. As the demand increases, the random network has a larger congestion instead. Therefore, for large scale avionics network, the scale free network can accommodate more message traffic, and is also an ideal network topology.
